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(54) Ceramic sinter and wear resistant member and electronic member using thereof 

(57) In ceramic sinter consisting of at least one kind 
selected from a group consisting of silicon nitride, zirco- 
nia t silicon carbide, cermet, SIALON, aluminum nitride 
and alumina, wear resistant member and electronic 
component member using thereof, skewness at a con- 
tact surface of the ceramic sinter is set at -2 or more and 
0 or less, a depth of a micro-crack is set at 5 urn or less, 
and in the depth of up to 500 from the surface an 
area that pores occupy does not exceed 5 %. The 
ceramic sinter as described above can suppress wear 
of the opponent member. Further, in such ceramic sin- 
ter, bonding strength with an element or a metal plate 
can be heightened to enable to suppress peeling. The 
electronic components of high reliability can be fabri- 
cated accordingly. The present wear resistant member 
is suitable for sliding member that is used in portions 
where wear is particularly remarkable. The present 
ceramic sinter is suitable for electronic component 
member such as substrates, heat sinks or the like that 
tend to peel. 
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Description 



S! 0011 , tu PfeSent invention relates to cer amic sinter suitable for sliding member and wear resistant member usinn 

5 IrS^JST* nVenfon re ' ateS * ^ 10 C6ramiC Sint6r SUitable for Sa Tsutet^ 

s the like and electronic component member using thereof. suosiraies or 

[0002] So far, for wear-resistant member such as cam rollers, bearing balls, check balls wearino Dlates and nluno 
uS s U ^,^ d T a ' ( maChinery automobiles ' me,al Products have been used much hS? ^J25S 
SOU « tf 6 P ' aCeS -T ent,0ned ^ due t0 friction these components tend to be heavily worn to Result ?n?n 
10 h? ?" 9 ^ P eriormance «hen more heavily worn, to result in being damaged Tese meS 

S resisSiS So^n^f ^ N9htWei9ht ° r h, ' 9h e erforman <* Further, the metal proofs being lowTn 
heat-resistance and corrosion-resistance, are short of durability under severe circumstances resultino in beino less 
economic. Accordingly, high performance substitutes for the metal products are in demaS 9 9 

[0003] To solve these problems, in recent years, the ceramic sinter is in use as wear-resistant comoonent* The 
ceramrc sinter, being superior to the metal components in wear-resistance, can m^ti?Srt2SnJ2 

V T ? m39ed ^ 3 ,0n9 time 10 reSU " COSt savin 9- ,n add ition. being lightweigS ^e^TT 
ponents h.gher speed rotation can be made possible. compared witn the metal com- 

[0004] However, when the ceramic sinter described above is used in machinery thouah the ceramir winter 
STh*- *" ""V™* in wit " *. ceramic sinter tend to be ^^££l?^2^ 

icu£ n'T n CaUS ^ Pr0b,emS in wearresisterrt components used in fuel injectors of such asLomobiliTnZ- 

[0005] To solve these problems, it is considered for all the components to be constituted of the ceramic sinter How 
1 TIT " maChini " 9 and ' eSS eCOn0mics ' that is not V* in realization^ ad! ^ wTa* « 
ms examples of the above, for instance winding, which expresses macroscopic roughness of the surface of ceramir Qin 
ter. ,s provided for the distance between protrusions to be 500 urn or less, on the surSce " Ceramic STSE" 
cracks are formed, or the surface roughness is provided to beO.005 urn to 0.02 land surfaceDoSZ IS 0 JSt 
more and 8 % or .ess Though the wear of the opponent member is aTviated dTftS^i^S^S^ 
state, the wear of the opponent member is still occurring. provision ot me sunace 

SS?nr fh a B | y ^ C0^traS !• I" ^ ,ield u 0f electroni c industry, in substrates for mounting high power semiconductor compo- 
nent^ or the like, a metal plate such as copper plate is bonded onto a ceramic substrate to form a ceramSedSo 

Zis^ssz* exce,,ent in insuiation - heat - resistance and thermai *^tssess 
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45 



'S^LJ^f' "**" T T* sinle ' is as lh " ***<"»*. bonding strength with metal being poor paellno 
■ 5 Aocorttngly. the composition and structure ot tbe ceramic simar are controlladT^alS 

^Zes^r^^^^^ 

[001 1] The ceramic sinter like this preferably consists of at least one kind selected from a grouo consistina of for 
instance silicon n,tr,de. zirconia. silicon carbide, cermet. SIALON. aluminum nitride and alumina. " ° 
[0012] A second aspect of the present invention relates to wear-resistant member The oresent wear recant 

so ST ' S The T **•? ? rami w Sinter 40 ^ hartin6SS HV ° f 100 ° r ™ e ^ ^ ^sTo ^ZT 
1L . 6 wear - res,star, t member of the present invention consists of ceramic sinter the skewness ofTlndino 

2Sr 4 Li-^ ,e P , r8Sen * w f r resistant member Preferably consists of at least one kind selected from a group consistina 

55 S fJ, "'^f ' ZirC K° nia ' Si ' iCOn Carbide ' cermet and SIALON " ™« P««« wear nmiSSSSSS 
55 preferably used for cam rollers, bearing balls, check balls, wearing plates, plungers or rollers. 

IS Ann up. aforemen *o na d wear resistant member is preferable to have hardness Hv of 1300 or more and strenoth 
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[0016] A third aspect of the present invention relates to an electronic component member. The present electronic 
component member consists of ceramic sinter, the skewness at a bonding surface of the ceramic sinter with other mem- 
ber is -2 or more and 0 or less, the depths of micro-cracks at the bonding surface not exceeding 5 urn. 
[0017] The present electronic component member is preferable to be used for substrates, heat sinks or the like for 
5 instance. The electronic component member like this is preferable to be consisting of at least one kind selected from a 
group of for instance aluminum nitride, silicon nitride and alumina. The present electronic component member is pref- 
erable to have thermal conductivity of 130 W/m • K or more. 

[0018] In the present electronic component member, for instance a metal plate can be directly bonded or by use of 
other method to a bonding surface to use. In the present electronic component member, the skewness at the bonding 

io surface is more preferable to be -1 or more and 0 or less, the depths of the micro-cracks not exceeding 5 jim. 

[0019] In the present ceramic sinter, the skewness at the contact surface is set at -2 or more and 0 or less, the 
depths of the micro-cracks formed on the contact surface at 5 or less. Thereby, the ceramic sinter can be prevented 
from wearing itself and an opponent member. Such effects can be obtained particularly when the opponent member 
consists of metal that is subject to wear compared with the ceramic sinter. The present ceramic sinter, when the skew- 

15 ness at the contact surface is -2 or more and 0 or less and the depths of the micro-cracks formed on the contact surface 
are 5 urn or less, can enhance bonding with elements and metal plates. 

[0020] In the present ceramic sinter, in the range of the depth of up to 500 ^m from the contact surface, an area that 
pores occupy is made not to exceed 5 %. Thereby, the ceramic sinter itself can be improved in its strength and the oppo- 
nent member can be suppressed from wearing. In the range of up to 500 ^m from the contact surface, the area that 
20 pores occupy can be made not to exceed 5 %, thereby the bonding at the contact surface being improved. 

[0021 ] As materials that constitute such ceramic sinter, at least one kind selected from a group of silicon nitride, zir- 
conia, silicon nitride, cermet, SIALON, aluminum nitride and alumina can be used. Thereby, the ceramic sinter of excel- 
lent strength and thermal conduction can be fabricated with ease. 

[0022] In the present wear resistant member, the skewness of the sliding contact surface that tends to wear other 
25 members due to sliding against the other member in particular is set at -2 or more and 0 or less. Thereby, wear of the 
other member consisting of metal or the like can be remarkably reduced. As materials of such wear resistant member, 
at least one kind selected from a group of silicon nitride, zirconia, silicon carbide, cermet and SIALON can be used. 
Thereby, the strength and toughness of the wear resistant member can be secured, wear of the wear resistant member 
itself can be suppressed, and the wear resistant member can be fabricated with ease. 
30 [0023] The aforementioned wear resistant member can be used for the member such as for instance cam rollers, 
bearing balls, check balls, wearing plates, plungers and rollers that rub against each other with high-speed to tend to 
wear the opponent. Thereby, machinery using thereof can be prevented from damaging and performance deterioration 
can be suppressed from occurring. In order to use for the above purpose, the present wear resistant member is prefer- 
able to have hardness Hv of 1300 or more and strength of 600 MPa or more. In the present wear resistant member, the 
35 skewness at the sliding contact surface is set at -1 or more and 0 or less, the depths of the micro-cracks not exceeding 
1 nm. Thereby, wear of the other member can be further suppressed. 

[0024] In the present electronic component member, the skewness of the surface that bonds components or cir- 
cuitry in particular is set at -2 or more and 0 or less and the depths of the micro-cracks at not exceeding 5 urn. Thereby, 
bonding strength between the components and circuitry can be heightened. The electronic component member like this 
40 can be used for the member that is subject to expose to vehement temperature variation, such as substrates and heat 
sinks in particular. Thereby, peeling and damage due to thermal stress can be suppressed. 

[0025] For an electronic component member like this, at least one kind selected from a group of for instance alumi- 
num nitride, silicon nitride and alumina can be used. Thereby, characteristics such as strength and thermal conduction 
can be controlled. The present electronic component member, when used for the substrates, heat sinks or the like, is 
45 preferable to have thermal conductivity of 60 W/m • K or more, more preferable being 130 W/m • K or more. The present 
electronic component member can be directly bonded to the metal plates or the like, resulting in enhancement more 
than ever of bonding strength. In the present electronic component member, the skewness at the bonding surface is 
made -1 or more and 0 or less, and the depths of the micro-cracks are made not to exceed 1 nm. Thereby, bonding 
strength can be further enhanced. 

50 

Fig. 1 A, Fig. 1 B and Fig. 1C are diagrams for explaining skewness. 
Fig. 2 is a diagram for explaining micro-crack. 

Fig. 3 is a diagram showing one example of wear resistant member of the present invention. 
Fig. 4 is a diagram showing one example of electronic component member of the present invention. 
55 Fig. 5 is a diagram showing results of endurance test of wear resistant member of the present invention. 

[0026] In the following, modes for implementing the present invention will be explained. 

[0027] The ceramic sinter of the present invention is characterized in that skewness at a contact surface is -2 or 
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more and 0 or less and depths of micro-cracks at the contact surface are 5 urn or less 

[0028] The skewness (Sk) is a parameter of surface roughness and can be called as warp The skewness is a valuP 

Sk "(^? > '",| <n ' 7!a [Equation T) 

[0029] Here, ; Rq is root mean square roughness. 

/ 

Rq = G)j'M 2 <* [Equations] 



20 



25 



the zss b*:;t X) rou9 s de ^ ates toward the downward direction (inward 

m2 1 urn oTfeTIn^^ "V f °r in ! tence The ™ro-crack 1 denotes one of which width W is approxi- 
roosa ^ «?JS P 1 ° n ' thS d6pthS H ° f the micr °- c rad« are provided not to exceed 5 am 

ESS. hJ! • 1* PrSSent Cefam,C Sinter ' the skewr "*s at an contact surface is set at -2 or moreTnd^or less 

St^ST"" "» sel «"9 »• oftna contact surtax at -2 or^fand 0 oj^s aMme 

SSST " maMn9 *" 1,0,6 ^ 30 ^ " ,he ~ M •» »£Z ZS?££E££l 

[0037] In the present wear res.stant member, the skewness of the sliding contact surface is set at 2 or mo™ a „H n 
reduce the wear of the opponent member. The skewneJ of the f ^^S^^^^SSS 



30 



35 



40 



45 



50 



JSDOCID: <EP 1 038853A2_I_> 



4 



EP 1 038 853 A2 



0 or less. By implementing like this, the wear resistant member can further reduce the wear of itself (the wear resistant 
member) and the opponent member. The present wear resistant member may be under an excess load or an impact. 
Accordingly, to prevent the damage due to such load or impact from occurring, the present wear resistant member is 
preferable to have strength of 600 MPa or more and fracture toughness Hv of 1 300 or more. 

5 [0038] The wear resistant member like this can be preferably fabricated by use of for instance silicon nitride, zirco- 
nia, silicon carbide, cermet, SIALON and alumina as materials. These materials are excellent in strength, toughness, 
heat resistance and corrosion resistance. Accordingly, by use of these materials for the wear resistant member, the 
present wear resistant member wears less the opponent member and simultaneously wears remarkably less itself. In 
particular, silicon nitride, being excellent in strength, toughness and wear resistance, is suitable as material of the 

10 present wear resistant member. These materials, according to demanded strength and toughness, are preferable to be 
appropriately selected. 

[0039] The wear resistant member is preferably applied for cam rollers, bearing balls, check balls, wearing plates, 
plungers and rollers for instance. 

[0040] A cam roller is used for a fuel injector of a diesel engine for instance to set the timing of fuel injection. The 

75 cam roller, being in high-speed contact with an inside of a cylindrical cam ring, when fabricated by use of metal, wears 
itself. When the existing ceramic sinter is used for a cam roller, whereas the wear of the cam roller itself can be sup- 
pressed, the cam ring is worn. When such wear happens, the timing of fuel injection becomes out of order and the pre- 
scribed function is not exhibited. By applying the present wear resistant member to the cam roller like this, the 
aforementioned deterioration of performance due to the wear can be suppressed. 

20 [0041 ] A bearing ball is one that is shown in Fig. 3 for instance. The bearing ball 2 of the present invention is guided 
by both side surfaces 4 and 5 of a bearing case 3. The bearing ball 2 is in contact with a circumference 7 of a shaft 6 
with high-speed. Accordingly, these components in contact with the bearing ball 2 are under an environment liable to 
wear. The present bearing ball 2 can substitute for the bearing like this. Thereby, the bearing ball 2 wears less itself and 
the circumference 7 of the shaft 6. Accordingly, deterioration of performance of machinery due to the wear, damage or 

25 the like can be suppressed. 

[0042] A check ball is made spherical and disposed in a flowmeter to measure the flow rate of a gas or the like. The 
check ball is in contact with an inside wall surface of the flowmeter and always repeats movement to be liable to wear 
itself and the inside wall surface of the flowmeter. The wear like this deteriorates accuracy of the flowmeter to result in 
giving inaccurate values. Accordingly, by use of the present wear resistant member to fabricate check balls, the wear 

30 like this can be prevented from occurring to result in a constant accuracy of the flowmeter. 

[0043] A wearing plate is a component that slides against for instance a rocker arm of an automobile engine. By 
use of the present wear resistant member for the wearing plate, wear resistance can be heightened to result in realiza- 
tion of stable combustion and of a decrease of incomplete combustion. 

[0044] A plunger is used in a fuel injector of a diesel engine and transmits movement of the cam roller, making a 
35 contact with an inside of a rotor, reciprocating with high speed. Accordingly, the plunger is very much liable to wear itself 
and the rotor. By applying the present wear resistant member for the plunger like this, the wear such as mentioned 
above can be prevented from occurring to result in an accurate fuel injection. 

[0045] The present ceramic sinter can be used in electronic component member. The substrates, heat sinks or the 
like can be cited as an example. 

40 [0046] Fig. 4 shows an example where the present electronic component member is used for the substrates. A 
bonding surface 9 of a substrate 8 has the skewness of -2 or more and 0 or less and depths of micro-cracks of not 
exceeding 5 ^m. To the bonding surface 9 like this, a metal plate 10 for instance such as a Cu plate or an Al plate is 
bonded by use of direct bonding method. Thus, by setting the skewness of the bonding surface 9 at -2 or more and 0 
or less and the depths of the micro-cracks at 5 \im or less, bonding with the metal plate or the like can be enhanced. 

45 The present electronic component member is most suitable in particular for portions where heating is repeated or tem- 
perature changes drastically. For such portions, due to the difference of thermal expansion coefficients, stress occurs 
to be liable to result in peeling. 

[0047] For the electronic component member such as the substrate and heat sink, materials for instance such as 
aluminum nitride, silicon nitride and alumina can be preferably used. Recently, circuitry becomes complicated so that 

so an amount of generated heat tends to increase accordingly. For the substrate that mounts such circuitry, one that is 
excellent in thermal conduction such as aluminum nitride can be preferably used. In particular, one of thermal conduc- 
tivity of 60 W/m * K or more is preferable, of 1 30 W/m • K or more being more preferable, for the substrate and heat sink. 
In addition, the substrate and heat sink, being liable to undergo load in mounting the element and circuitry, are prefer- 
able to have strength of 350 MPa or more. In selecting materials for the present electronic component member, the 

55 aforementioned strength and thermal conduction are preferable to be considered. 

[0048] The aforementioned ceramic sinter can be fabricated in the following way, for instance. 

[0049] For instance silicon nitride powder as raw material powder, by adding yttria or the like as a sintering aide, is 

compounded to be a prescribed composition. This is mixed in isopropyl alcohol with silicon nitride balls for 24 hours. 
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Thereafter, a binder is added, followed by a cold isostatic pressing (CIP) under a pressure of 1 ton to mold The 
obtained molded body undergoes a degreasing process at 500°C for 4 hours, followed by sintering at 1800°C for 4 
hours. As the molding and sintering methods like this, the known methods can be employed. 

[0050] Further, the surface thereof is ground by use of diamond abrasive grains, followed by barrel tumbling or lap- 
ping. Thereby, convex portions on the surface thereof are removed to enable to attain the skewness of the ceramic sin- 
ter of -2 or more and 0 or less and the depths of the micro-cracks of 5 ^ or less. The first diamond grinding can be 

S™'? L^'^u 0 "' by USe ° f abraSive 9rains 0f # 325 or less ' more P^erably by use of the abrasive grains of from 
# 200 to # 325. When the abrasive grains of less than # 200 are used, grains of the matrix constituting the ceramic sinter 
are removed from the root thereof to result in coarse surface on the contrary. In addition, when the abrasive grains of 
less than # 150 are used, the micro-cracks of the depths of more than 5 may occur. On the other hand when the 
abrasive grains are too fine, it takes a long time in machining to result in inefficiency. The barrel tumbling is preferable 
to implement by use of a medium of relatively low hardness consisting of for instance such as alumina Though the par- 
ticle size of the medium is not particularly restricted, one of which diameter is in the range of from 3 to 10 mm is pref- 
erable. When the diameter is less than 3 mm, the ceramic sinter that is an object being processed is exposed to too 
weak impact, resulting in a longer processing time. On the contrary, when the medium is such large as exceeds 1 0 mm 
the impact against the ceramic sinter that is the object becomes too large, resulting in a difficulty in enabling the skew- 
ness and the micro-cracks to be in the range of the present invention. In addition, the shape of the medium when con- 
sidering an influence of the micro-cracks to the ceramic sinter that is the object, is preferable to be spherical By 
employing such a medium, the surface can be efficiently ground to enable to realize the skewness of -2 or more and 0 
or less and the depths of the micro-cracks of 5 nm or less. When, as the medium, one such as silicon nitride or the like 
of which hardness Hv is 1300 or more is used, though the skewness of the surface can be made smaller the surface 
being machined is exposed to a stronger impact to tend to form micro-cracks deeper than 5 urn or to increase an 
amount of micro-cracks. When the ceramic sinter like this is used, the wear of the opponent member is accelerated on 
the contrary. 

[0051] As a preferable fabricating method in the present invention, after a first machining due to the diamond abra- 
sive grains of # 325 or less, a second machining is implemented by use of the diamond abrasive grains higher in the 
number by approximately # 1 00 to 200 than that employed in the first machining. Thereafter, the barrel tumbling is pref- 
erably implemented further. As an example such as this, first the diamond grains of # 270 are used to machine there- 
after the diamond grains of # 400 are used to machine, followed by barrel tumbling. The machining due to the diamond 

abrasive grains can be repeated a plurality of times as demand arises. For instance. # 325. # 400. #600 can be 

possible. By implementing a plurality of times of diamond abrasive grindings. the depth of the micro-cracks can be made 
smaller than approximately 1 ^m. 

[0052] In the present invention, according to the aforementioned methods, the ceramic sinter, wear resistant mem- 
ber and electronic component member of which skewness is -2 or more and 0 or less and of which depths of the micro- 
35 cracks are 5 urn or less can be fabricated. 

[0053] Next, specific embodiments of the present invention and results thereof will be described. 
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Embodiment 1 



40 [0054] As raw material powder, silicon nitride, yttria and alumina are employed. After granulation thereof molding 
degreasing and sintering are carried out, followed by honing against as-sintered surface to obtain silicon nitride sinter 
(10x10x3 mm). In the present embodiment, first one or two times of machining due to the diamond abrasive grains 
are earned out, followed by barrel tumbling to fabricate. The first machining is carried out by use of the diamond abra- 
sive grains of # 325 or less. The second machining is carried out by use of the abrasive grains that are in the range 

45 added # 200 grains to the first abrasive grains. The barrel tumbling is carried out with zirconia and alumina media The 
respective media are spherical and the diameters thereof are 3 mm. Ceramic sinters consisting mainly of zirconium 
oxide (Zr0 2 ). silicon carbide (SiC). TiC-Ni-Mo system cermet (simply shown as cermet in Table 1), SIALON. aluminum 
oxide (alumina), and aluminum nitride (AIN) too undergo the processing shown in Table 1 . 

[0055] As a comparative example to the present invention, silicon nitride sinter is fabricated by implementing only 
so machining due to the diamond abrasive grains of # 400. 

[0056] Of all the present embodiments and the comparative example, the skewness and the depth of micro-crack 
are measured. The results are shown in Table 1 . 

[0057] The values of the skewness can be obtained by use of equations 1 and 2. As for measurement device for 
instance surface roughness measurement apparatus SE-3300 series by Kosaka Research Laboratory or the like can 
55 be cited. With these apparatuses, the skewness can be obtained with ease. The measurement of the micro-cracks can 
be implemented in the following way. A cross section of ceramic sinter that is an object being evaluated is polished and 
an enlarged photograph in the neighborhood of the surface thereof is taken with an electron microscope or the like 
Thereafter, the depths of the micro-cracks extending from concave portions of the unevenness of the surface are meas- 
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ured. In the present embodiments and the comparative example, one of which length in a direction vertical to a direction 
of depth is 1 or more is measured as the micro-crack. 



Table 1 



No. 


Main Compo- 
nent of 
Ceramic Sinter 


Number of Dia- 
mond Abrasive 
Grain of First 
Time 


Number of Dia- 
mond Abrasive 
Grain of Second 
Time 


Medium Durino 
Barrel Tumbling 


Sk 


Deoth of Minrn- 

crack (nm) 


1-1 


Si 3 N 4 


#180 






_o 
"t 


0 


1-2 


M, 3"4 


#200 




Alt irnina 
fMUl I III id 


_p 


*r 


1-3 




#200 


#400 


All 1 mi n zi 

AAIUI 1 III Id 


- 1 


1 


1-4 




#270 




Ah tmina 
amui I HI Id 


- 1 .0 


0 
0 


1-5 




#270 


#400 


All imina 
aaiui 1 111 id 




1 
I 


1-6 


SUN* 


#325 




All imins 
/~\iui nil id 


- I 


0 
0 


1-7 


Si 3 N 4 


#325 


#400 


Zirconia 


-1 


1 


1 Q 

1 -o 


zrUg 


#325 




Alumina 


-0.5 


2 


1-9 


SiC 


#325 




Alumina 


-1 


3 


1-10 


Cermet 


#325 




Alumina 


-1 


3 


1-11 


SIALON 


#325 




Alumina 


-1 


3 


1-12 


Alumina 


#325 




Alumina 


-0.5 


2 


1-13 


AIN 


#325 




Alumina 


-0.5 


2 


Comparative 
Example 1 


Si 3 N 4 


#400 






+0.5 


3 



[0058] As obvious from Table 1 , all of the present ceramic sinters have the skewness in the range of -2 or more and 

0 or less. In particular, it is found that ones that have undergone two times of machining by use of the diamond abrasive 
35 grains, by further implementing the barrel tumbling, can have with ease the skewness in the range of -1 or more and 0 

or less. 

[0059] By contrast, all the depths of micro-cracks are 5 ^im or less for the present embodiments, more than half 
thereof being within 3 u.m. 

[0060] On the contrary, in the comparative example, though the maximum depth of the micro-crack is 3 ^m, the 
40 skewness is 0.5, which is out of the range of the present invention. In the comparative example, the convex portions 
formed during machining process are not removed by means of the barrel tumbling. That is considered to be the reason 
for the difference. Though not shown in Table 1, it is found that in the comparative example, in comparison with the 
present embodiments, more than two times of machining period is necessary. 

[0061 ] Furthermore, the depths of almost all of the micro-cracks of the ceramic sinter of comparative example 1 are 
45 approximately 3 \im. On the other hand, in ones to which two times of machining are implemented such as sample Nos. 

1 -3, 1 -5 and 1 -7 of the embodiments, only approximately half the whole number of micro-cracks becomes the maximum 
depths as shown in Table 1 . It is considered that due to a plurality of times of machining by use of abrasive grains that 
are mainly consisting of diamond, the depths of the micro-cracks are made smaller like this. That is, it is considered that 
due to use of coarse abrasive grains in the first machining and use of finer and finer abrasive grains in the second time 

so and thereafter, the micro-cracks can be made smaller and can be prevented from occurring anew. By implementing the 
machining like this and by further implementing the barrel tumbling, the convex portions can be cut off the surface to 
result in the skewness of -2 or more and 0 or less and the depths of the micro-cracks of 5 ^m or less. In the present 
embodiment, all the widths of the micro-cracks are 1 jim or less. 

55 Embodiment 2 

[0062] Silicon nitride, yttria and alumina, raw material powder, are granulated, followed by cold isostatic pressing 
(rubber-pressing) under a pressure of 1 ton/cm 2 to mold a cylindrical body of 0 12.5 x 26 mm, further followed by, after 
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degreasing, sintering at 1800°C in an atmosphere of N 2 to obtain a cylindrical Si 3 N 4 sinter of density of 3.33 g/cc. 
[0063] This Si 3 N 4 sinter is machined by use of the diamond abrasive grains to form a cam roller of 0 9.525±0.001 
x 20.1510.001 mm. 

[0064] The ceramic sinters obtained above are processed by means of wet centrifugal barrel tumbling with alumina 
5 medium to form cam rollers A, B, C and D, all of which Sk values is different. In order to evaluate, with the ceramic sin- 
ters of such different values of Sk, amounts of wear of the opponent members, these are built in fuel injection pumps of 
diesel engines to measure total amount of wear. For cam lobes that are opponent member, ones made of bearing steel 
SUJ2 are used. Tests are carried out under conditions of pressure of 1000 bar (1000 bar = 100 MPa), 2000 rpm and 
400 hours to evaluate. Measurement of the amount of wear is carried out by comparing the volume of the cam roller 
10 and the cam lobe after the test and that of the cam roller and the cam lobe before the test. 

[0065] As a comparative example, a cam roller E is made of steel to evaluate similarly with embodiment 1 . 
[0066] These results are shown in Table 2. 



15 Table 2 



Sample 


Sk 


Total Amount of Wear of 
(Cam Roller + Cam 
Lobe) (mm 3 /N • mm) 


A 


-2.3 


6.0 


B 


-1.1 


2.0 


C 


-0.1 


1.2 


D 


0.2 


5.5 


E 


0 


5.0 



[0067] As shown in Table 2, among A, B and C of which values of Sk are 0 or less, for B and C the amounts of wear 
decease largely. Whereas in A of which Sk is less than -2 (Sk = -2.3), the amount of wear increases on the contrary. In 
so D of which amount of wear is larger than 0 (Sk = 0.2), the amount of wear becomes 5.5 mm 3 /N • mm to result in a higher 
value than that of the existing cam roller E made of steel. The unit of amount of wear of mm 3 /N • mm in the present 
invention shows a wear volume (mm 3 ) when unit running distance (mm) is rotated while exerting prescribed load (N). 
[0068] From the above results, it is found that the value of Sk is optimum to be in the range of -2 or more and 0 or 
less, being smaller than -2 or larger than 0 resulting in an increase of the amount of wear. 

35 

Embodiment 3 

[0069] In order to investigate a permissible range of pore size distribution that affects on rolling fatigue life of a roller, 
in a surface and in the neighborhood of the surface, six kinds of rollers shown in Table 3 are prepared to evaluate effec- 

40 tiveness of these rollers as injection pump roller. 

[0070] Powder is pressurized by use of uniaxitial pressing, followed by degreasing and sintering to form a roller of 
cylindrical body of 0 12.5 x 26.0 mm. The skewnesses at the contact surfaces of the rollers are set at -1, areas that 
pores occupy being set at the values shown in Table 3 by varying the pressure of the uniaxitial pressing. 
[0071 ] Measurements of average sizes of the pores and the areas that pores occupy are implemented in the follow- 

45 ing way. First, ceramic sinters that are objects being measured are cut at 100 urn, 300 jim and 500 urn from one end- 
surface thereof, followed by polishing thereof. For the respective cut samples of from the end-surface to 100 urn, from 
1 00 pm to 300 jim, and from 300 \ixn to 500 pxx\ , arbitrary three points are selected respectively, and the pore sizes and 
areas that pores occupy are measured for unit area (1000 x 1000 *im). By averaging these values, an average pore 
size and an average area that pores occupy are obtained. That is, in the present embodiment, by averaging over nine 

so points (3x3= 9), the average pore size and the average area that pores occupy are calculated. As for the pore size, 
the measured maximum diameter of each pore is regarded as a pore size. As for the number of sampling per cross sec- 
tion, up to the size of present embodiment, that is approximately 0 12.5 x 26.0 mm, one cross section is acceptable. 
However, for the ceramic sinter larger than that, two or three cross sections are preferable to be measured. 

55 
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Table 3 



Sample 


Average Pore Size and Area that Pores occupy 
up to a Depth of 500 fim from a Surface of Axial 
Surface 




Average Pore Size (nm) 


Occupying Area (%) 


A 


10 


1 


B 


20 


0.8 


C 


30 


0.4 


D 


30 


0.8 i 


E 


30 


1.5 | 


F 


40 


0.8 | 



[0072] With six kinds of rollers thus obtained, by varying revolving speed (rpm) and pressure, endurance tests are 
20 carried out. The results of the endurance test are shown in Fig. 5. 

[0073] Among C, D and E of which average pore sizes are equal, C of which area that pores occupy is the lowest 
shows the maximum endurance. Between D and E, except for partial exception, E of which area that pores occupy is 
lower shows higher endurance. 

[0074] Among B, D and F of which areas that pores occupy are identical as 0.8 %, B of which pore size is the small- 
25 est shows the highest endurance, followed by D and F. F of which average pore size is larger can not endure to result 
in damaging. 

[0075] Even if the area that pores occupy is 1 %, A of which average pore size is smaller shows very high endur- 
ance. 

30 Embodiment 4 

[0076] With members A and C that are employed in embodiment 3, as shown in Table 4, values of skewness are 
varied to measure amounts of wear. The amount of wear is measured identically with embodiment 3. 

35 

Table 4 



Sample 


Sk 


Average Pore Size (pm) 


Area that Pores occupy 
(%) 


Amount of Wear 
(mm 3 /N • mm) 


A (Embodiment) 


-1 


10 


1 


2.3 


A* (comparative Example) 


+0.3 


10 


1 


6.2 


C (Embodiment) 


-1 


30 


0.4 


5.6 


C* (Comparative Example) 


+0.3 


30 


0.4 


5.6 



[0077] As shown in Table 4, it is found that even if the average pore sizes and areas that pores occupy are equal, 
due to whether the skewness is negative or positive, there occurs a great difference between the amounts of wear of 
its If and the opponent member. As obvious from the above results, it is found that by controlling both the skewness and 
so the pore size as shown in the present embodiment, as a synergetic effect, the wear-resistance can be further height- 
ened. 

Embodiment 5 

55 [0078] In order to investigate an influence of the skewness of the substrate surface on bonding strength, to AIN sub- 
strates of different skewness, copper plates are bonded by means of direct bonding method (DBC method) to measure 
peel strength. 

[0079] As shown in Table 5. AIN substrates of which skewness are set at 0 or -1 are used for embodiments and AIN 
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substrate of which skewness is +0.5 is used for a comparative example. The dimension of AIN substrates is such as 
height of 50 mm x width of 25 mm x thickness of 0.8 mm, copper plate being tough pitch copper of a thickness of 0.25 
mm. By maintaining these for 1 min in a heating furnace set at a temperature of 1075°C. the AIN substrate and the cop- 
per plate are bonded. 

5 



Table 5 





Sk 


Peel Strength 


Embodiment 5-1 


0 


4.0 


Embodiment 5-2 


-1 


6.5 


Comparative Example 5 


+0.5 


3.2 



15 [0080] As shown in Table 5, ones of which skewness are in the range of the present invention, compared with the 
comparative example, are excellent in bonding strength with copper plate. In particular by setting the skewness at -1, 
the bonding strength can be remarkably heightened. 

Industrial Applicability 

20 

[0081] As detailed above, in the present ceramic sinter, the skewness at the contact surface thereof is made in the 
range of -2 or more and 0 or less and the depths of the micro-cracks formed at the contact surface are made 5 nm or 
less. By setting the skewness at the contact surface -2 or more and 0 or less and the depths of the micro-cracks 5 
or less, in employing as a structural material, the wear of itself can be suppressed and the wear of the opponent mem- 
25 ber can also be suppressed. In employing it as the electronic component member, bonding strength with the metal plate 
or the like can be heightened to result in suppression of peeling of the metal plate or the like. 

[0082] In the present wear resistant member, in particular by setting the skewness of the sliding contact surface at 
-2 or more and 0 or less, the wear of the opponent member can be further suppressed, thereby machinery of high 
endurance can be manufactured. 

30 [0083] In the present electronic component member, by setting the skewness at the component mounting surface 
or the circuitry formation surface in the range of -2 or more and 0 or less, for instance element and metal plate are sup- 
pressed from peeling, resulting in manufacturing of electronic components of excellent reliability. 
[0084] While the present invention has been particularly shown and described with reference to preferred embodi- 
ments thereof, it will be understood by those skilled in the art that various changes in form and detail may be made 

35 therein without departing from the spirit, scope and teaching of the invention. Accordingly, the invention herein dis- 
closed is to be considered merely as illustrative and limited in scope only as specified in the appended claims. 

Claims 

40 1. Ceramic sinter comprising a contact surface to be contacted with another member, wherein the skewness of the 
contact surface is -2 to 0, and the depth of micro-cracks formed at the contact surface is 5 urn or less. 

2. Ceramic sinter according to claim 1 wherein the skewness is -1 to 0 and the depth of micro-cracks is 1 \im or less. 

45 3. Ceramic sinter according to claim 1 or 2, wherein in the range of from the contact surface to a depth of 500 jim the 
area occupied by pores does not exceed 5 %. 

4. Ceramic sinter according to any of claims 1 to 3, consisting mainly of at least one material kind selected from silicon 
nitride, zirconia, silicon carbide, cermet, SIALON, aluminium nitride and alumina. 

50 

5. Ceramic sinter according to any of claims 1 to 4, wherein hardness Hv of the ceramic sinter is 1000 or more. 

6. Ceramic sinter according to any of claims 1 to 5, wherein strength of the ceramic sinter is 300 MPa or more. 

55 7. Wear resistant member comprising a ceramic sinter according to any of claims 1 to 6, wherein the contact surface 
of the ceramic sinter and the other member slide against one another. 

8. Wear resistant meter according to claim 7, wherein the ceramic sinter consists of at least one material selected 
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from silicon nitride, zirconia, silicon carbide, cermet and SIALON. 
9. Wear resistant member according to claim 7 or 8, wherein the hardness Hv of the ceramic sinter is 1300 or more. 

5 10. Wear resistant member according to any of claims 7 to 9, wherein the strength of the ceramic sinter is 600 MPa or 
more. 

1 1 . Wear resistant member according to any of claims 7 to 10, wherein in the range of from the sliding contact surface 
to a depth of 500 urn of the ceramic sinter, the area occupied by pores in the ceramic sinter does not exceed 1 %. 

10 

12. Electronic component member comprising a ceramic sinter according to any of claims 1 to 6, wherein the contact 
surface of the ceramic sinter is bonded to another member. 

13. Electronic component member according to claim 12, wherein the ceramic sinter consists of at least one material 
is selected from aluminium nitride, silicon nitride and alumina. 

1 4. Electronic component meter according to claim 1 2 or 1 3, wherein the thermal conductivity of the electronic compo- 
nent member is 1 30 W/m • K or more. 

20 15. Electronic component meter according to any of claims 12 to 14, further comprising a metal plate bonded to the 
bonding surface. 

1 6. Electronic component member according to any of claims 1 2 to 1 5, further comprising a metal plate bonded directly 
to the bonding surface. 

25 

17. Use of a wear resistant member according to any of claims 7 to 1 1 for a cam roller, a bearing ball, a check ball, a 
wearing plate, a plunger or a roller. 

18. Use of an Electronic component member according to any of claims 12 to 16 for a substrate or a heatsink. 

30 
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FIG. IA 

FIG. IB 



FIG. IC 
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FIG. 2 
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FIG. 3 
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